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a memory controller sectidn that controls transmission of the image signals; 
the timing controller section a^d the memory controller section being integrated and 
integrally formed on said at least one of a semiconductor and an insulating substrate. 
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APPENDIX 

Changes to Abstract: 

The following is a marked-up version of the amended Abstract. 

ABSTRACT 

Provided is a A display device is provided that has having a storing circuit 24-section 
thatfer storesing image signals tofer controlling display and an active device section that22- 
£ar performing display control on the basis of the image signals stored by the storing circuit 
section-3- k The storing circuit section and the active device section are - provided in each dot 
as a minimum unit of display, thereby achieving space saving. 
Changes to Specification: 

A Substitute Specification is attached in accordance with 37 C.F.R. 1.125(b)(2). 
Changes to Claims: 

The following are marked-up versions of the amended claims: 

1 . (Amended) A display device, charact e riz e d by comprising: 
at least one of a semiconductor and an insulating substrate; 

a storing section that fer stores storing a digital data signal tofe* controlling 

display; and 

a display control section that fer performsing display control on the basis of the 
digital data signal stored by said storing section; 

the storing section and display section being p rovided in each dot which is as a 
minimum unit of display and being arranged on the at least one of a a semiconductor and an or 
insulating substrate. 

2. (Amended) A display device, charact e riz e d by comprising: 
at least one of a semiconductor and an insulating substrate; 
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a storing section configured by at least one or a plurality of storing circuits 
provided at each of interconnections of a plurality of write lines and a plurality of data lines 
correspondingly to an array pattern of a dot as a minimum unit of display so that, when a 
write signal is transmitted through said write line and an image signal as a digital data signal 
tofef controlfeg display is transmitted through said data line, the image signal is stored; 

a converting section thatfer convertsifig a value based on a value of the image 
signal stored by said storing section into an analog signal; and 

a display control section thatfe* performing tonal control using a liquid 
crystal on the basis of an analog signal converted by said converting section; 

the storage section and display section being p rovided in each dot which is as a 
minimum unit of display and being arranged on the at least one of a a semiconductor and an er 
insulating substrate. 

3. (Amended) TheA display device as claimed in claim 2, characteriz e d in that 
said storing circuit of said storing section beingis configured by a static circuit. 

4. ( Twice Amended) The A display device as claimed in claim 2, characteriz e d in 
that-said converting section pulse-width-modulatinges the value based on the image signal to 
convert the value into the analog signal. 

5. ( Twice Amended) The A display device as claimed in claim 2, charact e rized in 
tha^said converting section convertsing the value based on the image signal into the analog 
signal modulated to a pulse width based on a y-characteristic. 

6. (Twice Amended) TheA display device as claimed in claim 2, charact e riz e d in 
tha^said converting section performings conversion into the analog signal at a constant period 
interval. 
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7. (Amended) The A display device as claimed in claim 6, characterized in that a 
duration that no conversion into the analog signal is made beingis provided in the constant 
period. 

8. (Amended) TheA display device as claimed in claim 7, characteriz e d in that 
each converting section beingis different in a start time of the constant period,, and the period 
and the duration no conversion into the analog signal is made beingis different. 

9. (Amended) TheA display device as claimed in claim 6, charact e rized in that 
an alternating current drive voltage corresponding to the constant period beingis applied to 
said display control section. 

10. (Amended) The A display device as claimed in claim 9, characterized in that 
the alternating current drive voltage beingis a voltage driven at VCOM±Va with respect to a 
reference voltage VCOM. 

1 1 . (Amended) The A display device as claimed in claim 9, charact e rized in that 
the alternating current drive voltage beingis a voltage alternating-current-inversion-driven by 
two voltage-applying lines laid correspondingly to said dot array pattern. 

12. (Amended) TheA display device as claimed in claim 9, charact e riz e d in that a 
plurality of rows of said dot array beingare provided by groups, and rows in pair beingare set 
in each of the groups to invert a phase of the alternating current drive voltage applied. 

13. (Twice Amended) The A display device as claimed in claim 2, characteriz e d in 
tha^said display control section control ling s light emission of current-driven luminescent 
devices in connection on the basis of the analog signal in place of performing tonal control 
using a liquid crystal, thereby effecting tonal control. 

14. (Amended) A display device, charact e riz e d by comprising: 
at least one of a semiconductor and an insulating substrate; 
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a storing section configured by at least one or a plurality of storing circuits 
provided at each of interconnections of a plurality of write lines and a plurality of data lines 
correspondingly to an array pattern of a dot as a minimum unit of display so that, when a 
write signal is transmitted through said write line and an image signal as a digital data signal 
tofer controlling display is transmitted through said data line, the image signal is stored; 

at least one or a plurality of active devices provided respectively connected to 
said storing circuits of said storing section and current-driven luminescent devices having 
areas corresponding to place values represented by image signals stored in said storing 
circuits ; and 

r a display control section provided in each dot to control emission of light of 

said current-driven luminescent devices on the basis of the values of the image signals stored 
in said storing circuits, the storing section and the display control section being and th e s e ar e 
arranged on the at least one of a semiconductor and an er insulating substrate. 

15. ( Twice Amended) TheA display device as claimed in claim 13, characterized 
in that said current-driven luminescent devices being are structured by EL devices. 

16. ( Twice Amended) The A display device as claimed in claim 13, charact e rized 
in that said current-driven luminescent devices being are structured by organic EL devices. 

1 7. (Amended) A display device, charact e riz e d by comprising: 
at least one of a semiconductor and an insulating substrate; 

a storing section configured by at least one or a plurality of storing circuits 
provided at each of interconnections of a plurality of write lines and a plurality of data lines 
correspondingly to an array pattern of a dot as a minimum unit of display so that, when a 
write signal is transmitted through said write line and an image signal as a digital data signal 
tofer controlling display is transmitted through said data line, the image signal is stored; 
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at least one or a plurality of active devices provided respectively connected to 
said storing circuits of said storing section and liquid crystal driving sections having areas 
corresponding to place values represented by image signals stored in said storing circuits^ 
and 

a display control section provided in each dot to perform tonal control using a 

liquid crystal on the basis of the values of the image signals stored in said storing circuits, and 
the storing section and the display control section being thes e ar e arranged on the at least one 
of a semiconductor and an of insulating substrate. 

18. ( Twice Amended) The A display device as claimed in claim 2, charact e riz e d 
b^further including lavmg a plurality of read lines laid correspondingly to said dot array 
pattern so that, if a read signal is transmitted, the image signals stored in said storing circuits 
are read out of said storing section. 

1 9. (Amended) A display device, charact e riz e d by comprising: 
at least one of a semiconductor and an insulating substrate; 

a display drive section having a plurality of word lines, a plurality of write 
lines and a plurality of data lines laid correspondingly to an array pattern of a dot as a 
minimum unit of display, and a display control section operating, when at least a write signal 
is transmitted through said write lines and the image signals are transmitted through said data 
lines, on the basis of said storing section that fer storesiftg the image signals, the image signals 
and a word signal transmitted through said word lines, provided in each of the dot array 
patterns; 

a word line driver section thatfer controlling transmission of a word signal to 
said word lines; 

a row decoder section thatfer selectsing a row for transmitting a write signal to 
said write lines, to transmit the write signal to a selected row; 
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a column decoder section thatfer selectsiftg said data line; 

a column selection switch section thatfer transmitstittg the image signals as 
data signals tofer controlling display to said data line selected by said column decoder 
section; 

the sections being integrated and integrally formed on the at least one of a 
semiconductor and ane r insulating substrate. 

20. (Amended) TheA display device as claimed in claim 19, further 
including charactorized in that a converting section thatf er convertsiftg a value based on the 
image signals stored in said storing section into an analog signal is-provided in each dot array 
pattern in said display drive section, and said display control section operates on the basis of 
the analog signal and the word signal. 

21 . (Amended) The A display device as claimed in claim 19, charact e riz e d in that 
said word lines beingare laid to transmit the word signal to said display control section on two 
rows. 

22. ( Twice Amended) The A display device as claimed in claim 19, charact e riz e d 
in that said word line driver section and said row decoder section being are allocated 
correspondingly to a length of said display drive section in a column direction, and said 
column decoder section and said column selection switch section being are allocated 
correspondingly to a length of said display drive section in a row direction. 

23. (Amended) The A display device as claimed in claim 19, charact e riz e d in that 
each column selection switch structuring said column selection switch section beingis 
allocated correspondingly to a width of said dot array pattern. 

24. ( Twice Amended) The A display device as claimed in claim 19, charact e riz e d 
in that said row decoder section selectings a row for transmitting the write signal on the basis 
of an address signal representing a storage position. 
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25. (Amended) TheA display device as claimed in claim 23, characteriz e d in that 
said column decoder section selectings said data lines on the basis of the address signal. 

26. (Amended) The A display device as claimed in claim 25, charact e riz e d in that 
three dots thatfer developing and displaying in red, blue and green as light source colors 
beingare provided as one pixel, the image signals beingare inputted on a one-pixel-unit basis, 
and said column decoder section selectings data lines tofer storeing the image signals in an 
amount of one pixel. 

27. (Amended) TheA display device as claimed in claim 25, charact e riz e d in that 
three dots thatfer developing and displaying in red, blue and green as light source colors 
beingare provided as one pixel, the image signals bemgare inputted on a plural -pixel-unit 
basis, and said column decoder section selectings data lines tofer storeing the image signals in 
an amount of a plurality of pixels. 

28. (Amended) TheA display device as claimed in claim 19, charact e riz e d by 
further including comprising : 

a timing controller section thatfer controlling at least timing of transmitting 
the address signal; 

a memory controller section thatfe f controlling transmission of the image 

signals; 

the timing controller section and the memory controller section being further 
integrated and integrally formed on said at least one of a semiconductor and an insulating 
substrate. 
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This invention relates to a display device v .\|The invent ion^is^especially 
effective for/t^e Reflective liquid-crystal displ^y/(LCD ) or organic EL dispjtfcyj^> 
(OELD) , which' i^ijr^ended to achieve space saving while reducing electric power^ 




BACKGROUND OI^HE INVENTION 



Recently,/ t^fey display devices using liquid crystal (hereinafter, 
referred to as displ^y^/ ic ^reading at conspi c uous para 9he display of this 
type is low in power consumption and / impr o ved in aaving ^pace, in comparison 



with a CRT display. Accordingly, it is important to make use of the merits of 

such a display and -produce a display that is lower in power consumption and 

vit Sprovod in uui/iuy space . 

Fig. 15 is a b£uiK utfayi ' am of a system for providing display on a display 

device by a TFT display. This system is configured with a digital interface 

100 and a TFT liquid crystal display panel 101. The digital interface 100 is 

configured, at least, with a CPU 100A, a RAM 100B, a frame-memory 100C and an 

LCD controller 100D. The CPU 1 0 0 A^ i s feperajbdTon control moario f oy transnuttein^ ^ 

display data while exchanging data with the RAM 100B as a general-purpose memory. 

Because this RAM 100B is not^e ppo e ^ally used ^Bere^as a memory for display, 

^ -for y_ — ~ ^ 

*here igjfrgwjTy^a need kt a memory for "storing the data for display^ *rfiat ic , 

the frame memory 100C. The frame memory 100C temporarily stores the display 

data in an amount of one screen of the liquid crystal panel 101C (hereinafter, 

the data in an amount of one pixel is given display data, and each binary signal 

constituting the display data is referred to as an image signal). The LCD 
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controller 100D c arrictf^ e ut transmission control of display data in order to 
display, in timing, each of display data stored in the frame memory 100C in a 
display position on the liquid crystal panel 101C. Herein, for a CRT theiu ifc 



a iiyuy^Blty EU^Ujiu^^ data^hrough conversion i^t^^nalog data. It 

is^however^considered that the interface of the liquid crystal display is 

CP lP 

compatible with digital data, and herein the display data is transmitted by an 
image signal as digital data. 

Meanwhile, the TFT liquid crystal display panel 101 is configured with 
a scanning line driver 101A, a digital data driver 10 IB and a liquid crystal 

niyy^uut display^co 



panel 101C. The scanning line driver 10^1A o«LiiuL r uuL displays-control in a 



scanning line (row) direction on the basis of the timing data transmitted from 
the LCD controller 100D. The digital data driver 101B is allowed to receive 
and process tlie digital-data image signal. The digital data driver lOlB^&apiej^ 
t^ylf^disj^aycontrol in a data-line (column) direction on the basis of the timing 



data transmitted from the LCD controller 100D. On that occasion, it also controls 
the tonal levels of display. The liquid crystal panel 101C is a panel having 
TFTs (Thin Film Transistors) to effect display under the control of the scanning 
line driver 101A and digital data driver 10 IB. 



Such a system requires a frame Memory 100C ft« ^temporarily store the 

/ <V ***** ) 1 — ^ 

display data in an amount uJj ull over'theS/screen. Furthermore, an LCD controller 



100D is required to transmit an image signal for the display data to the digital 
data driver 101B. 



Consequently, the fey stem (over a lj requ ire s( many of lueaits thus incr-e^sing 



its scale. Moreover, the reduction of consumed power cannot be achieved because 
of great deal of t he „ amount — e£ — trnngmitt i ng such data large power 



consumption^ ao a ici>ulL ' IhOi o<*£ - 

Therefore, it is a problem of the present invention to provide a display 
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device capable of ae Kicvin g apuo e saving an d oonouaod powini udduuLiuu for the 
system (overall. 



DISCLOSURE O^J^HE INVENTION 
In order to solve tho"^pr oialQ m a * nhmrry a display device according to 
the present appli c ation e umpiihML : a storing section storij*^ a digital data 



signal Se% contro 



display; and a display control section <£o£ perf ormla<j> 



display control on the basis of the digital data signal stored by the storing 
section; provided in each dot as a minimum unit of display and arranged on a 
semiconductor or insulating substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a b- locl c ^fl a gram rftprpspntinq fl ^on^opf a system including 



a display device according-xto a first embodiment of the present invention^ 

Fig. 2 fis a ''diagramr r e gg a e ontitfg in derail a drive section of a panel 
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Fig. 3 is a^dliagr^m^r oprooontrl^ng an^equi va lent circuit configured in each 
dot of an active-matrix LCD section 2\ 



Fig. 4 is a diagram roproog^tiuy a relational oMan p l e ef drive waveforms 
of VLC and VCOM^ 

Fig. 5 is a diagram r eprotrt^nt i tig eachr^drive waveform example of the 
signals inputted by a row driver 3 and the digital data driver 4J 

Fig. 6 is' atTdiagram( iroprcoonriri g iix-detail a drive section of the panel 
1A according to a second embodiment of the invention." 



Fig. I^Lb a'Qi 



re pr e s e nting an equivalent circuit configured in each 



dot of an active-matrix OELD section 2Aj 

Fig^/8 re precotj £s~-^^5ne-period waveform of PWMCLK in a third embodime: 
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'tail a drive section of a panel 



IB according to a fourth -embodiment of the invention^ 

Fig, 10 i^^/dj^r^a^r c p r 1 o o onrtfin g an^quivalent circuit configured in 
each dot of an active-matrix. OELD section 2B** 

Fig. 11 is acTdiagram^re'presenting in detail a drive section of a panel 




representing an equivalent circuit configured in 



each dot of an active-matrix LCD section 2C\ a 
Fig. 1 3^1 Bpitsj jtfTb s awavef ofm of^Sn x alternating current si 



a fifth embodiment. 




Fig. 14 (is a rtfiagr am^ epiHb^ii^^ fj ^ aTl^e^uivalent circuit configured in 
each dot T^_a_sixth embodiment of the invention! 

Fig. 15 i.'s a bass&£e^aE3£arg of a system for performing display by a display 



device, duo. a TFT disp 



1, 1A, IB, 1C Panel 

2, 2C Active-matrix LCt> section 
2A, 2B Active-matrix /OELD section 

21, 21A, 2 IB Storinyg circuit section 

22, 22A, 22B, 22C/Active device section 
23 PWM waveform /forming circuit 

24, 24A, LC sefction 

25, 25A, OEy luminescent section 
3 Row driver section 
31, 31A Hrow decoder 
32 Word/ line driver 



4- Diyimi data dilvm suuLlum 



4 



F005896US 

41 \Column decbder 

:rol circuit 

Column selection switch section 
bontroller 
6, 6£l Tilling controller 
61 Address buffer 

62, PWM timing signal generating circuit 

110/ Digital interface 




DETAILED DESCRIPTION OF THE IWVCMTION - 



A display devidis c omp r jfs e s : a storing section for storifi^a digital data 
sigrtal 5^£^ontro(lfcflrfOj^di splay ; and a display aaTAx^r^^o^L^r^ 



display control on the basis of the digital data signal stored by the storing 
section; provided in each dot as a minimum unit of display and arranged on a 
semiconductor or insulating substrate. 

In this displaydevice, in order to control on-screen display ,^^he storing 
section fw^s^orin^^a^ signal and the display control section^S«^^^ntr ^l^^S ^ 
on- screen~di splay on the basis of the signal stored by the storing section are 
provided in each dot. Furthermore, they are integrated on a semiconductor or 
insulating substrate, i.e. within each dot array pattern. Power reduction is 
achieved by the space saving due to the decrease of the circuits to 
in an area other than the display region and storinj^all^the^signals required 
for on-screen display. 

Also, a display device according to the inventio^c o mp a .' ^os j^-sxoring 
section configured by one or a plurality of storing circuits provided at each 
of interconnections of a plurality of write lines and a plurality of data lines 
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correspondingly to an array pattern of a dot as a minimum unit of display so 
that, when a write signal is transmitted through the write line and an image 
signal as a digital data signal for controlling display is transmitted through 
the data line, the image signal is stored; a converting sectioti f*£jpttvdrtpt&^> 
a value based on a value of the image signal stored by the storing section into 
an analog signal; and a display control section ^^^per^a^rn^to^ tonal control 
using a liquid crystal on the basis of an analog signal converted by the 
converting section; provided in each dot as a minimum unit of display and arranged 
on a semiconductor or insulating substrate . 

in this display device, the storing section configured by one or a 
plurality of storing circuits is provided at each intersection of a plurality 
of write"S.ines and a plurality of data lines, to store in the storing section 
/alltfthje^image signals required for on-screen display. The converting section 
converts the value based on the image signals into an analog signal on a 
dot-by-dot basis, and the display control section performs tonal controls, using 



onal controls, usi: 
fare integrated < 



a liquid crystal on the basis of the analog signal. These farejjite grated on 
a semiconductor or insulating substrate, i.e. within each dot array pattern. 

Also, in a display device according to the invention, the storing circuit 
of the storing section is configured by a static circuit. 

In this display device, the storing circuit is configured by a static 
circu^t-fcliereby aohioving to hold the image signals in a term as long as possible. 

Also, tneconverting section of the display device according to the 
invention pulse-width-modulates the value based on the image signal to convert 
the same into the analog signal . 

In this display device, the converting section performs pulse width 
modulation in converting the value based on the image signals into an analog 
signal . 
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Also, the converting section of the display device according to the 
invention converts the value based on the image signal into the analog signal 
modulated to a pulse width based on a y-characteristic . 

In this display device, the converting section performs pulse width 
modulation based on a y-characteristic in converting the value based on the image 
signals into an analog signal. 

Also, the converting section of the display device according to the 
invention performs conversion into the analog signal at a constant period 
interval . 

In this display device, a constant period is provided as a unit because 

control' is mact^by converging the value based on the image signai^ into a time 

V _ / J^c 

based on a pulse width. Also, where display control is »a»e, for^xample, with 

a liquid crystal, there is a need to perform refresh at a constant time interval. 

For this reason, it is more convenient to perform conversion at a constant time 

interval 

Also, in the converting section of a display device according to the 
inventi<^n^ pr e vidod is a duration thafe no conversion into an analog signal is 
made in a duration of a constant period. 

In this display device, a duration that no conversion into the analog 
signal is made is provided in a duration of the constant period. In this duration, 
the image signals are changed to the storing section. 

Also, in the converting section of a display device according to the 
invention, a start time of the constantTNjseriod is different between the 
converting sections, and the periodtfno conversion into the analog signal is made 
is different. 

In this display device, in order to suppress flicker, a start time of 
the constant period is different between the converting sections, and the 
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duration /no conversion into an analog signal is made 

this is ra ad £ for ea£h converting section on a row-unit or column-unit basis from 




erent. Actually, 



crysfca 



In- this display , device , 
il,dvoltage applicat^on^it- 



a relationship of control, etc. 

Also, an alternating current drive voltage is applied to the display 
control section of a display device according to the invention. 

In- this display ) device, where display control is made using a liquid 

deviatod sho r^tejf ^e lifetime from the viewpoint 
of characteristics of a liquid crystal. Accordingly, an alternating current 
drive voltage is applied. 

Also, in a display device according to the invention, the alternating 
current drive voltage is a voltage driven at VCOM±Va with respect to a reference 
voltage VCOM. 

In this display device, in order to suppress power-^c on sumption, the 
alternating current drive voltage ^ is g^ ^^^jye^tage ^riyen at VCOM±Va so as 
to/vaxy^nl^ the alternating current drive voltage on the basis of a reference 
voltage . 

Also, in a display device according to the invention, the alternating 
current drive voltage is a voltage alternating-current-inversion-driven by two 
voltage-applying lines laid correspondingly to the dot array pattern. 

In this display device, in order to simplify the circuit configuration^ 
the alternating current drive voltage is svh^h a vol^tage^ as, 
alternating-current-inversion-driven by two voltage-applying lines laid 
correspondingly to the dot array pattern. 

Also, a display device according to the invention, a plurality of rows 
of the dot array are provided by groups, and rows in pair are set in each of 
the groups to invert a phase of the alternating current drive voltage applied. 



In this display device, in order to suppress flicker, rows, in 
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set in each of the groups to invert a phase of the alternating current drive 
voltage applied. 

Also, the display control section of a display device according to the 
invention controls— -li-cjht^emission of current-driven luminescent devices' Sjf^y 
(Tonn e rt i pn ton th e baoxo of ^ the analog signal in place of performing tonal control 
usi~ng^a_lxq^iid--ery^tal / thereby effecting tonal control. 

In this display device, the display control section is connected with 

1 

current-driven luminescent devices spontaneously emitting light by current j 
drive so that emitted light is controlled on the basis of the analog signaj^^ 

CD 

thereby achieving tonal control. 

Also, a display device according to the invention c uiap^io t> c : a storing 
section configured by one or a plurality of storing circuits provided at each 
of interconnections of a plurality of write lines and a plurality of data lines 
correspondingly to an array pattern of a dot as a minimum unit of display so 
that, when a write signal is transmitted through the write line and an image 
signal as a digital data sign^l^^^^ntro^l^^^di splay is transmitted through 
the data line, the image signal is stored; one or a plurality of active devices 
provided respectively connected to the storing circuits of the storing section 
and current-driven luminescent devices having areas corresponding to place 
values represented by image signals stored in the storing circuits, a display 
control section provided in each dot to control emission of light of the 
current-driven luminescent devices on the basis of the values of the image 
signals stored in the storing circuits, and these are arranged on a semiconductor 
or insulating substrate. 

In this display device, a storing section configured by one or a plurality 
of storing circuits is provided at each of interconnections laid>tfT^h a plurality 
of write lines and a plurality of data lines, to store/ all ^tj>«r image signals 
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required for on-screen display in each storing section. In the display control 
section, one or a plurality of active devices provided respectively connected 
to the storing circuits of the storing section and current-driven luminescent 
devices having areas corresponding to place values represented by image signals 
stored in the storing circuits controls the current to be supplied to the 
current-driven luminescent devices on the basis of a value of the image signals 
(e.g. 0 or 1), thereby controlling light emission. These are integrated on a 
semiconductor or insulating substrate, i.e. within each dot array pattern 

Also, a display device according to the invent ion ^h u a tfoid currejife^ariven 
luminescent devices structured by EL devices. 

In this display device, display is made by the EL devices as one kind 
of a current-drive luminescent device having the features of reduced thickness, 
high definition, reduced power consumption, etc. 

Also, a display device according to the invention fcar^the^uj?rent- driven 
luminescent devices structured by organic EL devices. 

In this display device, display is made by an organic EL devices having 
the further features of inexpensive, low- temperature process and so on, besides 
the features of reduced thickness, high definition, reduced power consumption, 
etc . possessed by the EL devices . ^ s^jL J ^^ 




Also, a display device according to the invention^ ^ 
section configured by one or a plurality of storing circuits provided at each 
of interconnections of a plurality of write lines and a plurality of data lines 
correspondingly to an array pattern of a dot as a minimum unit of display so 
that, when a write signal is transmitted, through the write line and an image 
signal as a digital data signal^ ^tjXJntrpllia^/ display is transmitted through 
the data line, the image signal is stored; one or a plurality of active devices 
provided respectively connected to the storing circuits of the storing section 
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and liquid crystal driving sections having areas corresponding to place values 
represented by image signals stored in the storing circuits, a display control 
section provided in each dot to perform drive control using a liquid crystal 
on the basis of the values of the image signals stored in the storing circuits, 
and these are arranged on a semiconductor or insulating substrate. 

In this display device, a storing section configured by one or a plurality 
of storing circuits is provided at each of the each of interconnections lajj 
with a plurality of write lines and a plurality of data lines, to store 1 
image signals required for on-screen display in each storing section. In the 
display control section, one or a plurality of active devices provided 
respectively connected to the storing circuits of the storing section and liquid 
crystal drive sections, e.g. pixel electrodes, having areas corresponding to 
place values represented by image signals stored in the storing circuits controls 
the current to be supplied to the liquid crystal drive sections on the basis 
of a value of the image signals (e.g. 0 or 1) , thereby controlling the brightness 
of display due to the liquid crystal. These are integrated on a semiconductor 
or insulating substrate, i.e. within each dot array pattern. 

Also, a display device according to the invention further lays a plurality 
of read lines correspondingly to the dot array pattern so that, if a read signal 
is transmitted, the image signals stored in the storing circuits are read out 
of the storing section. 

In this display device, a plurality of read lines are laid correspondingly 
to the dot array pattern so that, if a read signal is transmitted, the image 
signals stored in the storing circuits are read out of the storing sect ^cja-t jiereby 
effecting data inputting and outputting in the display device. 

Also, a display device according to the inventioi^c ottpi?i^ ^a.^tlsplay 
drive section having a plurality of word lines, a plurality of write lines and 
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a plurality of data lines laid correspondingly to an array pattern of a dot as 
a minimum unit of display, and a display control section operating, when at least 
a write signal is transmitted through the write lines and the image signals are 





( £jgr ^euectljjisj the data line; a column selection switch secti ^__ 




stcfrijKa^/the image signals, the image signals and a word signal transmitted 
through the word lines, provided in each of the dot array patterns; a word line 
driver section rer^eontr^lt^gr transmission of a word signal to the word lines; i 
a row decoder section f^e^i^Lect^g>^ row for transmitting a write signal to \ 



the write lines, to transmit the write signal to a selected row; a column decoder j 

on -»rjj>ransnii tta^ gX \ 

the image signals as data signal^j£^>^ontr^6l]^S^ display to the data line j 

t 

selected by the column decoder section; integrated and integrally formed on a \ 
semiconductor or insulating substrate. \ 

In this display device, a display drive section is laid with a plurality 
of word lines, a plurality of write lines and a plurality of data lines, and 
a display control section operating on the basis of the storing section! f^r ^ 
st^ra*^^he image signals, the image signals and a word signal transmitted 
through the word lines, that are provided in each of the dot array patterns, 

ransmission 



| Further, piuviUmi aie a word line driver section r^^j&o^tro^Tlj^^: 
| of a word signal to the word lines, a row decoder secti^n£<j^jsele gt±i^ ^fa 



row 



^-Tansmi ^fcj^ KkA write signal to the word lines to transmit the write signal 
\ to a selected row, a column decoded f*fi^selecjr£sS§^the data line, a column 
\ selection switch sect^oji^fq^^ image signals as data s i gna 3( s jfg r^y 

jcontro^^^^^di splay to the data line selected by the column decoder section. 

^These are integrated and integrally formed on a semiconductor or insulating 

! 

substrate. 

t 

| 

Also, in the display drive section of a display device according to the 
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invention, a converting section' Mr^onverfeigjya value based on the image signals 
stored in the storing section into an analog signal is provided in each dot array 
pattern, and the display control section operates on the basis of the analog 
signal and the word signal . 

In this display device, in the display drive section, the converting 
section is further provided between the storing section and the display control 
section. Because the display control section operates on the basis of the image 
signals, an analog signal, e.g. due to pulse modulation, is generated. 

Also, in a display device according to the invention^ «wra^wvord lines 
are laid to transmit the word signal to the display control section on two rows. 

In this display device, in order to reduce interconnections , the word 
lines as power supply lines are shared between the display control sections, 
for example, on the upper and lower two rows, to transmit a word signal (supply 
power) . 

Also, the word line driver section and the row decoder section in a display 
device according to the invention are allocated correspondingly to a length of 
the display drive section in a row direction, and the column decoder section 
and the column selection switch section are allocated correspondingly to a length 
of the display drive section in a column direction. , r .-Cr 

In this display device, in order to^^e^edu^e*^ an area 

other than display, the word line driver section and the row decoder section 
are allocated correspondingly to a length of the display drive section in a column 
direction, and the row decoder section and the column selection switch section 
are allocated correspondingly-to-a length of the display drive section in a column 



direction, thereby a chi^ e vi ag sj^aoe( s a v i nj g . 



Also, each column selection switch structuring the column selection 
switch of a display device according to the invention is allocated 
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correspondingly to a width of the dot array pattern, / 

In this display device, each column selection switch is allocated 
corresponding to the width of the dot array pattern, in order to provide efficient 
layout . 

Also, a display device according to the invention, said row decoder j 

I 

section selects a row for transmitting the write signal on the basis of an address j 
signal representing a storage position. j 
In this display device, in order to enable selection of an arbitrary row, | 

the row decoder section selects a row/^w^f^ansmit^S) , the write signal on the \ 

j 

basis of an address signal. I 
Also, the column decoder section of a display device according to the 

invention selects the data lines on the basis of the address signal. 

In this display device, in order to enable an arbitrary data line 

(column) , the column decoder section transmits a data line on the basis of an 

address signal . 




develo^i^^and displa^^^^Ln red, blue and green as light source colors are 
provided as one pixel, the image signals are inputted on a one-pixel-unit basis, 
and the column decoder section selects data lines for storing the image signals 
in an amount of one pixel. if~$>c 

In this display device, in color display, three do^s fi^^welo|J±s2hand 



displayjfcjj^An red, blue and green as light source colors are provided as one 
pixel. The image signals are inputted on a one-pixel-unit basis as a reference^ 
of change of display. Also, the column decoder section selects data lii 
sfekr^kAg/fche image signals in an amount of one pixel. 

Also, in the display device according to the inventio^Tt^a>^€nree dots 
/elo|^jfr^!and displa^^^/d^n red, blue and green as light source colors are 
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provided as one pixel, the image signals are inputted on a one-pixel-unit basis, 
and the column decoder section selects data lines for storing the image signals 
in an amount of a plurality of pixels . 

In this display device, in the case of performing color display, in order 
to reduce the clock frequency for use in storage, the image signals are inputted 
on a plurality-of-pixels-unit basis. The column decoder section selects data 
lines in an amount of a plurality of pixels. 




Also, a display device according to the invention furthef col 
timing controller section for controlling at least timing of transmitting the 
address signal; a memory controller section for controlling transmission of the 
image signals; further integrated and integrally formed on the substrate. 

In this display device, the peripheral circuits required for controlling 
display are all systematically integrally formed on the same substrate. 



Embodiments of the Invention 
pferred embodiments of the present invention will be explained 
based on the drawings. 
Embodiment 1 




■ diagram roprouoiitiftig a 



Fig. 1 is a Lluuk diagram roprououti^ig^ a eo ncopt of a system including 

^ - — s ^V?^ 

a display device according to Embodiment 1 of the invention. F i gV^ r eVx rf& urn Ls _ 



uuiuLupfc cal - iiitifra system-on-panel (SOP) . SOP it* a uuunjpL lu g) integrally foi 



Ll^Ji^'circuit systems concerned with display, such as an active matrix, 
peripheral drive circuit, memories and controllers, on an insulating substrate, 
such as glass by the use of polycrystalline silicon TFTs or the like. For this 
reason, it is possible to directly couple a panel tpa CPU and hence to achieve 
cost reduction, reliability impwn^ment and space^saving . 



In Fig. 1, a digital interface 110 is configured with a CPU 11 OA to 
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transmit display data. Meanwhile, a panel 1 as a display device has a drive 
section configured by an active-matrix LCD section 2, a row driver 3, a digital 
data driver 4, a memory controller 5 and a timing controller 6. 

Fig, 2/is aidiajgrtim showing in detail a drive section of the panel 1. 
The active-matrix LCD section 2 uses active devices, such as TFTs and diodes, 
to effect display and stores pixel signals in one screen by the use of a storage 



circuit section. The active-matrix LCD section 2 is arrayed withxpixels in the 




light-source colors of R (red), G (green) and B (blue) three dots < ^ca-3jg j]lSlso 



(as sub-Dj^cels^o|^^hich configure one pixel. It is assumed herein that one dot 



:fec£^ig) display . For a 



represelit/ybne point, as a minimum unit, /»or e> 
monochromatic display, one pixel equals to one dot. 

Fig. 3 is a diagram representing an equivalent circuit configured in each 
dot of the active-matrix LCD section 2. Each dot area includes data lines, word 
lines, active devices arranged at the intersections of them (e.g. switch devices 
by transistors, diodes or the like) , DAC (e.g. a PWM wavef ojaa-forming circuit) 
and storage circuits (e.g. latch circuits). / In the liguro ^ ffl it j- a storage 
circuit section (storage section )i configured by one or a plurality of memory 



cells (storage circuits). In- the f i^g^ ^fpag^memory cells are provided. It 



is herein assumed that each memory ce^l S^^s^atic . Consequently, data can be 
held without refresh at a constant time interval . Each memory cell, when inputted 
with a Write signal, holds (stores) a binary signal (data) transmitted through 
dO, dl, d2 or d3 . Herein, because four memory cells are used for one dot, an 
information amount of 4 bits (value in 16 combinations) can be held. Each dot 
can represent a brightness (tonal level) based on that value. The number of 



the memory cells Ls^iji^he same as the number of a v ( a^lue^c^l^J- ullUlfLyi 11.11^1^^. 
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waveform forming circuit 23 isf a teA^^erf^^counter . This^is ^c^tfa'lled^^ 
digital/analog converter {DAC)/^o^j^^:es^t^^^LS a PWM waveform (analog data 
with a pulse width) a value represented by image signals on the basis of the 
image signals (digital data) held by the storage circuit section 21. In order 
to respond to an effective value of an applied voltage, for tonal representat io^T^ 
the LCD is required to convert a data signal into an analog signal. Furthermore, 
in order to secure a lifetime of liquid crystal, tl^tjjTu ia> Lln = r uued ^^ ^J^y ar * a 
alternating voltage inverting at a constant time interyaK"*^ For this reason, 



the present embodiment first converts digital data once into a 
time-base-modulated analog timing signal by the use of the PWM waveform forming 
circuit 23, and thereafter applies an alternating current drive voltage VLC to 
the liquid crystal by the use of that timing signal. ^r^^"^^ 

22 io - fn active device section (display control section/f for example, 
of TFTs (thin film transistors) . The conventional active device has connections 
between the drain (or source) and the data line and between the gate and the 
word line. In Fig. 3, the configuration is by dynamic devices. Meanwhile, the 
drain (or source) and the word line are in connection while the gate and the 
data line are in connection. Consequently, the active ^ievices in the^present 
embodiment do not switch by drive to the word linep bw^switche^ on£he^6asis 



of values based on image signals (pulse width due to PWM) to adjust the charge 
(current to be supplied to the pixel electrodes) stored on the pixel electrodes 
(not shown). The pixel electrode forms a capacitance with a counter electrode 
through a liquid crystal (LC section 24) . By a voltage applied between the pixel 
electrode and the counter electrode, the optical rotatory power due to 
liquid-crystal molecules is controlled to effect display control of the dots. 
Moreover, even if the switch of the active device section 22 is off (non-operatic 
period), the pixel electrode is allowed to maintain its display state owjjf^to 
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built-up charge until refreshing in^th^next time (until rewriting display data) . 

section/ The LC,^sec*tion 24 is a to-be-driven part actually not formed 
"oh the glass Substrate . From the foregoing, storage drive control on each dot 
is implemented by signal transmission (current supply, voltage application) 
through the data lines (dl, d2, d3 and d4) and the word lines (Write). Also, 
display drive control is implemented by signal transmission through the word 
lines (VLC and VCOM) , PWMCLK and Set. Herein, VDD and VSS are provided to supply 
power to the storage circuit section 21 and PWM waveform forming circuit 23. 
Meanwhile, the signal lines of VDD, VSS, VLC, VCOM, PWMCLK and Set can be shared 
between two rows. This achieves layout simplification due to the reduction of 
interconnect lines, space saving, area increase of dot array patterns 
(opening-ratio increase) . 

In Fig. ^V^jJ>^? a row drivel 3 fe>^$ 

drive to the word lines . 
The row driver 3 is structured by a row decoder 31 and a word line driver 32 



The row decoder 31 selects and transmits a Write signal to a row of pixel) 
stpro^^pr rewriti^/ (hereinafter, merely referred to as "store") display data 

Fig. 4 is a diagram showing a goiaticin n l nvamplo of VLC and VCOM drive 



on the basis of input address data. 



waveforms. The word line driver 32 drives the VLC and VCOM. Because the LCD 
requires alternating drive, at least the VLC must be made in the form of an h 

alternating current. Fig. 4(a) is a waveform when VLC = Yp OM ± Va 9«*£n« 
Where the relationship between VLC and VCOM is giv^n as in Fig. 4(a) , consumption 
current can be reduced because COM is satisfactorily constant. Due to this, 
as the smaller the display area (the number of pixels), the greater the power 



reduction can be achieved ./'This Jaccordingly(jj£y suited for a reflective LCD used 
^A*^^l^ , etc.). Also, because VCOM to be 

h supplied ^? ommo nly to all the rows is constant regardless of time, each VLC can 
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be driven (scanned) with phase deviation. It is noted that, in this case, there 
is increase in the number of power sources and complication in circuit 
configuration . 

On the other hand, Fig. 4(b) is a waveform when driving is made such that 
VIiC and VCOM are alternating-current inversion with opposite phase. In this 
case, it is possible to reduce the number of power sources and simplify the 
circuit structure. However, because VCOM itself changes in potential without 
causing display, power is consumed by the capacitance between the 
interconnections and the VCOM. Accordingly, there is increas^iii/c^k^ption 
^/^F^tfEJS^y VCOM regardless of display area broadness. Meanwhile, VCOM is common 
to all the rows as mentioned before. Accordingly, because all of the VLC must 
be driven on the basis of the phase of VCOM, each of VTjC cannot be driven ( scanned) 
with phase deviation. 

On the other han ^^- ife^ T^ a digital data driver 4/1^^^ drives the data 
lines. The digital data driver 4 is configured with a column decoder 41, an 
input control circuit 42 and a column selection switch section 43. The column 
decoder 41 selects a column having the pixels to be stored (rewritten) with 
display data from among the columns (in the number of j) on one row (line) on 
the basis of input address data. This^gelects data lines to be driven. The 
input control circuit 42 is a circjdit^^ pixel of image signals 

(k x 3) parallel-transmitted from the memory controller 5. As described before, 
the value of k and the number of memory cells in the storage circuit section 
21 are the same, which is the number required to represent the do€i§\at a brightness 
with tonal levels of 2 k . Consequently, k = 4 as g«Sen inJE^ar^T 2, wherein 16 
tonal levels of brightness are to be set on each dot. The column selection switch 
section 43 is provided correspondingly to the number of pixels (that is, k x 
3 x j ) on one line on the basis of image signals (k x 3) per pixel as a unit. 
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Each column selection switch switches on the basis of the selection by the column 
decoder 41 and image signals to transmit image signals onto (drive) the data 
lines. The column selection switch is configured for arrangement 
correspondingly to a width nearly the same as a width of the dot. Accordingly, 
the column selection switch section 43 will not be longer in width than the active 
matrix LCD section 2, and can be ideally laid out in view of interconnections. 

The memory controller 5 controls as image signals of k x 3 the display 
data transmitted from the GPU 11 OA. Also, the timing controller 6 has at least 
an address buffer 61 and a PWM timing signal generating circuit 62, to transmit 
an address signal to the row decoder 31 and column decod er ^r^frn order to store 
the display data transmitted from the CPU 11 OA. Also, (€irflngma t tprLj* »>a timing 
signal/£aar generatijag^PwMCLK to the PWM timing signal generating circuit 62 
Tlie-H PWM-t4.in±tig^ signal generating circuit 62 generates a PWMCLK as a reference 
tdrvafibfg) a PWM waveform in the PWM waveform forming circuit 23^11 the basi 



of the timing signal. Also, (S eTlootod^ 



Set lines^to tra: 



*6 



a Set signal. 



It is the active-matrix LCD section^^as an actual display parjj^hat 
occupies the greatest area in the glass substrate (panel) . Moreover, its size 
is fixed. Accordingly, it^isj ti^^ro^^ SOP with what efficiency the 

systems, such as peripheral circuits, are laid out in portions other than the 
active-matrix LCD section^iand whether integration density is to be increased 

7 C 

for realization of such^layout. Furthermore, it is possible to ^ gfrke a way 01 3 
t Mjikingog^b f fectively utilizing the size-fixed active-matrix LCD section 2. 



For this reason, the present embodiment forms-w-thin each do1f"t>he memory cells 



rmsjtjit 

and DACs reo^ire^^^2isplayj^^^he dot at a certain tonal level, thus achieving 
extreme space saving. That is, the pixel array and the memory array are made 
ae to eliminate the necessity of providing, outside the active-matrix LCD 
section 2, a space /£s& pjroyidij&q/the memory cells for storage of one screen of 
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display data. Moreover, one screen of data can be a-atf st^p^d because of the 



storage circuits in each dot. For the reason, the data exchange with the CPU 

aption^ag&ryi>y ^exchanging 



11 OA is reduced tp^ whievgu arlso t > ho 




urtinn in cq 



y\ the display data for the pixels to be changed of display (rewritten of 



display data) . However, there is a possibility that the area occupied by circuits 
within the dot increases as compared to the conventional ca$e of* forcing TFTs 
^oh^yj Consequently, with a scheme of light transmission from the backside by 
a backlight, there is a possibility of increasing the opening ratio to decrease 
the transmissivity . Accordingly, it is to be considered that the present 
embodiment is suited for a reflective LCD. 

Fig. 5 z ip a fiyuiM repitdseuLitm ^drive waveform examples of the signals 

/ 

inputted by the row driver 3 jpnd digital data driver 4 . Based(on UiuHLjjju^ 
explanation i c madtfon the storage operation an^display operation in the present 
embodiment . - First oxplainod is tfne display operation/ Herein, four rows_are^ 

^ -— -~ — 

taken as one group to control the operation of display. It is assumed herein 
that VLC assumably have one period c<*wpi lLliiy4£LH?eriods of PWMCLK (refresh 
interval of 20 periods of PWMCLK) . This varies depending on the PWMCLK required 
respectively for display operation and storage operation. 

Inputted with a Set signal, the PWM waveform forming circuit 23 generates 
a pulse waveform having a width based on the PWMCLK and image signal stored in 
the storage circuit section 21 . In Fig. 5, each of data represents a relationship 
between a value represented by each image signal stored in the storage circuit 
section 21 and a PWM waveform. Provided that the value due to the image signals 
stored in four memory cells is "0000", the conversion by the PWM waveform forming 
circuit 23 is into a pulse width of one PWMCLK waveform. Also, with "0001", 
the conversion by the PWM waveform forming circuit 23 is into a pulse width of 
two PWMCLK waveforms. Similarly, with "0010" the conversion is for three PWMCLK 
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waveforms, and with "0011" the conversion is for four PWMCLK waveforms . Finally, 
with a value "1111" the conversion is for sixteen PWMCLK waveforms. Because 
the conversion herein is with the 4-bit value, conversion is possible with 16 
periods of PWMCLK • However, the PWMCLK required for display operation varies 
depending upon a range of value of conversion. 

The LCD^pequiring alternating-current drive, needs to be driven while 
refreshing valltftSe^pixels at least at a certain frequency. It is noted that 
the pixels not to be driven, i.e. the off -state pixels, do not require refresh 
because no voltage is satisfactorily applied thereto. Herein, although 
consumption power reduction can be achieved by lowering the frequency, flicker 
occurs due to punch- through voltage~~or^the like. In order to make flicker not 
conspicuous while a c hi^in g^cj»suii^ta.on pc wor roduoticm , jot a still picture 
the PWMCLK is set to effect refresh at a frequency of minimally 30 Hz (liquid 
crystal is 15-Hz driven) thus maintaining a display state. Herein, driving is 
made by inversion of the phase on first and second rows of VLC in one group and 
the phase on third and fourth rows of VLC, in order to further suppress flicker. 
By thus always displaying nearly halves of the screen in different phases, the 
transmissivity difference due to polarity difference is avera^tf^aking flicker 
not conspicuous. Although the first, second row and the third, fourth row are 
inverted, thifs is nq£^--3^mited tox^ 

In Fig. 5, because a Set signal in the next group is inputted after about 
two periods of PWMCLK, the VLC phases in the next group deviate by the 
corresponding amount (however, the VLC phases inputted to 40-44th rows again 



become same). It is of importance herein that there is, a need to make^&a«er^he 
rise of VLC and the rise of PWMCLK f Display operat^pfl^s implemented by operating 



the PWNCLK, Set, VLC and VCOM in the above timing. 

Next, storage operation will be explained. Although the VLC has a period 
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u u iupiiiJfxfl g 40 per-it53sof PWMCLK (refresh interval of 20 periods of PWMCIiK) , the 



PWM waveform forming circuit 23 operates only in time of 16 periods of PWMCLK, 



Accordingly, the remaining portion yds givon as a nph- operative period of the 
PWM waveform forming circuit 23 (this period taken Tl ) . Storage operation is 
made within the non-operative period Tl ♦ Although herein Tl is set as 4 periods 
of PWMCLK, the value Tl is adjusted in a range for storage operation. 

In Fig. 5, Write signals are inputted at an interval of a half period 
of PWMCLK. It is assumed that, if one Write signal is inputted, display data 
be stored to a certain row. With the configuration of Fig. 1, one pixel of image 




one pixel of rows /only (c^h be selected per time by the column decoder 41. 
Consequently, despite made for the row, there is no change in one-row display 
data simultaneously with the input of a Write signal. 

Meanwhile, although in Fig. 5 the Write signal is driven in synchronism 
with PWMCLK, there is fio ^special necessity of such synchronism. The importance 




lies only in that the storage operation to the storage circuit section 21 must 
be (carried rliitjdjthin the non-operative period Tl of the PWM waveform forming 
circuit 23. Accordingly, it is also possible for the column decoder 41 to scan 
and select each column for storage during inputting the Write signal . 

Furthermore, if there are allowances available, storage operation can 




is out of operation. In this case, however, theri crease in clock frequency 

required for storage operation. For this reason, by utilizing arbitrary 
designation of an address signal of the timing controller 6 on a pixel-by-pixel 
basis and static circuits of memory cells, only the pixels to be rewritten may 
be selected and rewritten during the non-operative period Tl. In this case, 
the CPU 110A satisfactorily transmits only the display data to be stored (changed 
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in display) . In this case, it is assured that the number of the pixels requiring 
storage operation be equal to or less than the number of pixels to be scanned 
for storage operation. Consequently, the clock frequency required for storage 
operation can be suppressed and the exchange with the CPU J. 10 A be lessened. For 
power reduction, it is the most effective(ro caruy^out o toj^arje operation by this 
method ♦ 

Herein-as for the storage circuit section 21, although the memory cellsT^ 
if configured by static memories ^oj^npt require data rewriting (refresh) , they^ 
if configured by dynamic menoriee^equire refresh in such timing as can hold 
storage ♦ 

According to the first embodiment as above, the portions including the 
peripheral circu>fe-±>e sides the display sectiqn-are integrally formed as systems 

CP {_p 

on a glass substrate, and further the storage circuit section 21 (memory cells) 
and PWM waveform forming circuit 23 (DAC) required^ $^r^au / s±^)the dots at certain 




no need to newly lay out and design these circuits in an area other than the 
active-matrix LCD section 2. The systems can be formed on a panel (glass 
substrate) and further extreme space saving be achieved. Moreover, because each 
dot possesses a storage^circuit section 21, the display data in amount of one 
screen ca 

Consequently, even if on^y^the image signal in amount of display data 
for the pixels to be rewritten transmitted from the CPU 110A, it can be stored 
in the storage circuit section 21 corresponding to the pixels. Because the row 
decoder 31 and the column decoder 41 can select on a pixel unit basis/ the Oyster 




vnrnl)l is reduced in data transmission amount and hence in/consumption fiowj 



Furthermore, because the memory controller 5 and the timing controller 6 are 
also integrally formed on the panel 1, the panel 1 can be directly coupled to 
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the CPU l^^tjius making the^sys^m^over^ll) low in cost, high in reliability 
and less in space. 




representing in detail a drive section of a panel 
according to a second embodiment of the invention. /In thn JrlTgittfq^^hose 
fdenoted ^i*£n the same reference numerals as in Fig. 2 operate-in-the same way, 
hence the explanations thereof being omitted. fin tfee — f i^juro, 2A-^j-»^an ^ A 

y^Vhr rs 4" 

active-matrix OELD (Organic ElectroLumine scent Displays) section / The J) 
active-matrix OELD section 2 A employs an OEL luminescent section 25 in place 
of the LC section 24 of the active-matrix LCD section 2. The OEL luminescent 
section 25 is constituted with OEL devices. The OEL device signifies organic 
EL devices (Organic ElectroLumine scent devices). The OEL de^ice^is oim***ujC^ 
current-driven electroluminescent dev^ice^^) This current-driven 

electroluminescent device is a spontaneous luminescent device which emits light 
upon supply of electric current unlike a liquid crystal. The EL devices including 




organic and inorganic ones among such current-dri^yen luminescent devices have 



£2F 

the following features and are/£xpe«£ed}Ln the field of displays and the other 




fields. The OEL device is cheap in material and enhanced in electro-optical 
conversion efficiency by research and development, thus^ ac hi e ved — in power ^> 
r oduction f urth e riww e^^'^ _ 

( 1 ) wide viewing angle 

(2) weight and thickness reduction possible 

( 3 ) high contrast ratio 

(4) low consumption power (backlight not needed) 

(5) various optical characteristics (hue degree, spectral 
characteristics, brightness, etc.) realized by molecular design of material. 
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juivalent circuit conf igurecL^n each 
dot of the ac-ETve^-matrix OELD section 2A. In Fig, 7 / ( < those^denoteji-^ith the 



same reference numerals as in Fig. 3 operat^j^imilarly to the^-explanation in 
the f irst--eiQbodiment, hence the explanations thereof ^ b e i<i£ ^>mtftted . X lT ty^) 




an active device section f similar 



Ltted 

rs 

the active^evice section 

22. In Fig. 7, p-channel TFTs are used. The OEL device is satisfactorily driven 
on direct current (DC) and hence structurally made simpler than the active device 
X driving J: iqu id crystal. Furthermore, the number of interconnections can 

^ — fee-lessened because one word line for VOEL is satisfactorily provided in place 
of providing tw& (VLC, VCOM) word line^as in the LCD . 2 5 io - yan OEL luminescent 
sectionfaient±oned before^Tn this embodiment, similarly to the first embodiment, 
the display operation by the pane^-forned by the-^Co^cept of SOF**3)s implemented 
by emitting the OEL devices instead of doing con the^ optical rotatory power of 
liquid crystal. ^ ^ 

Next, explanation wil3/k>e madc^on the operationjoi^liepresent embodiment. 

^- — s*<*s ^ 

The present embodiment is basically n ^tlw^ 

embodiment. However, the active device section 22A must be operated on negative 
logic because of the p-channel TFTs. Consequently, the waveforms ^the 
waveform f ormiitg^Qircuit 23 converts based on the image signal are^reverse f 





DEL devices, because o 
driven on direct current, usually do not requir e re^r(esh w," " * 



inversion driving 

(however, the active device section 22A of Fig.^71^ecause of dynamic devi ce sj"^ 



requires the supply of current to maintain display) . 



According to the second embodiment as above, in a display device having 
a panel 1A that the portion including the peripheral circuits is integrally 
formed as systems over a glass substra*^~and further the storage circuit section 
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21 and PWM waveform forming circuit 23 required fxrf causing tj^gf dot^a^t certain 

V*" ) ^ Y< 

tonal levels aBB^opa^a within each dot, display is nad^using cj^rfent- driven 
luminescent devices that emit light by current supply instead of using the drive 
to liquid crystal thus achieving high-definition display and the like. Moreover, 
backlight is not required hence achieving power reduction. In particular, the 
present embodiment implementing display by emitting the OEL device^^mong the 
EL devices of the current-driven luminescent devices-^i^as features of the EL 
devices of thin film devices formed over a large-sized glass substrate and 
achieving thickness reduction and size increase, capacity increase (high 
definition on the dot matrix) and full color. Furthermore, cost is induced 
because of inexpensive material and power is deduced f *ir LIiuj. mui irow-Liiy^to high 



electro-optical conversion efficiency. Moreover; because the active-matrix 
OELD section 2A is OELD of the active-matrix type, drive voltage can be largely 
reduced as compared to the simple-matrix type display. The use of efficient 
operation points achieves further power reduction. Furthermore, because the 
EL devices are thin-film devices, space saving and thickness reduction are 
achieved (without the necessity~of using two glass substrates for sandwich as 

( vA- 1 ^ r \ — ) 

in the liquid crystal) ira—o a oo < feho ^system (overall ^is integrally formed based 
on SOP. The OEL-device manufacture process can be implemented by a 
low-temperature proce^^as compared to the TFT manufacture process essential 
for the active-matrix type. Accordingly, even if ^ddod jLs ^m OEL-device forming 
process /after integrally forming the circuits including TFTs /©n glass 
substrat^t U u i e lis HO affbiLiun ua ^the TFTs J hono e convenient in view u£ feho 

nw ^BVa ^ nn-trom-th i fl Ti 'i i i jn i li 1 1 1 ^^iTi 1 1 as process and yield. For the LC £/^) 

the interconnection must be made by providing two word lines (VLC and VCOM) ^fty?^ 
specif^i^^he rows for display, whereas for OEJJX^such word line (VOEL) is 
satisfactorily one in the number. The further decrease in the number of 
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interconnections achieves layout simplification, space saving, 
dot-array-pattern area increase (increased opening rati^)-p and so on. 
Furthermore, the use of the OEL devices in the saturation area allows for current 
supply without the substantial af fect^Jffi from deviation in threshold levels of 
the active devices between the dots. 



Embodiment 3 

Fief. 8 repress* thejwa~vef orms in one period of the PWMCLK of the third 

embodiment". I-nr^£he first ^alT&v second embodiments, the PWM timing signal 

generating circuit 62 generate^ BwMCLK with the same pulse width (same period) . 
This embodiment generates a generation pulse width of PWMCLK on the basis of 
a function based, for example, upon y-correction. A PWM timing signal generating 
circuit 62A is provided as a circuit for that purpose. Herein, Y" correct i o n 
is meant, in nature, to correct the relationship of an exponential function 
called y-characteristic, such as D = E Y , existing between an input quantity of 
light E and an output value D in a CCD camera or the like. In the^LCD or OELD, 




however, there is -also a meaning of correction providi^Cj- vis*fally natural 




tonal representation to the relationship between a value represented by image 
signals in amount of one dot and a brightness. In this embodiment, the latter 
meaning is principally us^^|ierein the current for supply to the OEL devices 
is controlled meeting a y-characteristic . 

For this reason, the PWM timing signal generating circuit 62A generates 
a generation pulse width of PWMCLK on the basis of a y-characteristic exponential 
function. Then, the PWM waveform forming circuit 23 generates a PWM wavef 
that the value represented by an image signal is converted based on the PWMCLK 
generation pulse width. The current to be~"s N upplied to the pixel electrode or 
OEL device is controlled by g iving a switching time to the active device section 
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22 or active device section 22A on the basis of the PWM waveform. The PWMCLK' 





if generated with the same interval of pulse widti 

set signals in the next group two-pulse after the PWMCLK as in Fig. 4. Herein, 
the difference from the operation of the first or second embodiment lies in that, 
because -the-PWMCLK pulse width varies and the variation provides a period ^ere-) 
Le — a need of transmittingyset s^gnals«/in a manner matched to^fcnis period. 

_Acoordin^to^ the third embo^il^nt~~a^a^5ove , the PWMCLK pulse width is 



set based on a Y~characteristic exponential function to provide the switching 
time by the active device section on the basis of a PWM waveform generated matched 
to the PWMCLK, thereby enabling current supply to the pixel electrodes or OEL 
devices on the basis of Y- c °rrection. Due to this, the relationship between 
a display data value (value based on the image signal) and a tonal level 
(brightness) can be represented linearly. 





IB according to a fourth embodiment of the invention./ In t ho t rgu r-<^tHo s e 
J^enojtjad^with the same reference numeral s^-as^in Fig. 2 operate the same as in 




4rS ^ 



ted. «A-m A column selection 



Fig. 2, hence explanations thei 
switch section^which operates similarly to the column selection switch section 



43 as explained in A tfee first embodiment. The present embodiment, becaus 
c==6 give'n, isdif-f^fent only in that the column selection switches are provided 
in the corresponding number. Also, the timing controller 6A operates basically 
similarly to the timing controller 6. However, t^xarfi - embodiment is different 
in that no timing signal is transmitted because of/abs^Lrce of a PWM timing signal 
generating circuit 62 . 

Fig. 10 is afdiagram^fepresenting an equivalent circuit configured in 
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each dot of the active matrix OELD secti/on 2B. In Fig, 10, - 21A ib a) storage 
circuit section/ The different point from the first and second enbodim^n^ides 



.C 



in that^six memory celle^are provided 'correspondingly to k=6 . Meanwhile 7 , isfB. 
>^s an^active device section/s^niilar^t^the active device section 22A. However, 
the active device section^ 2 B'l^ different from the active device section 22A 
in that the active devices /directly connected to the memory cells are provided 



in the number of the memefv cells (six in Fig< 10) . 2 5A is 



luminescent 



s raemoa 

section f In fig. 10,p£x OEL devices are connected to the respective active 
deviceSj^-Bet^in , actually each OEL device has an area corresponding to the value 
(2 K " 1 ) represented by an image signal on each memory cell connected, wherein the 
area ratio is given as SI : S2 : S3 : S4 : S5 : S6 = 1 : 2 : 4 : 8 : 16 : 32. 
These are set to emit light at a brightness corresponding to the area. 

The present lembodiment is caused to emit light by combining the OEL 
devices *aif f erent in area connected to the respective memory cells and active 



devices, thereby representing a tonal level of each dot by the luminescent area. 
The circuit is intended for simplification without the provision of the DAC (PWM 
waveform forming circuit 23) iij each dot as provided in the second embodiment. 
Space saving is maiie by simplified interconnections and omitted peripheral 



circuits without the provision of PWMCLK and Set signal lines and a PWM timing 
signal generating circuit 62 for transmitting such signals. 

Next, the operation of the present embodiment will be explained basec 
on Fig. 9 and Fig. 10. As for storage operation, operation is saa^e similarly 
to the explanation in the first embodiment. Using display non-operative period 

Tl, image signals representing a value 2 k_1 (k = 1-6) are respectively inputted 
to d5, d4, d3, d2, dl and dO . 

Next, the operation of display will be explained. On the basis of the 
image signals stored on the memory cells of the storage circuit section 21A, 
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switching operation" is nade in each^active devrcje of the active device section 




22B. It is herein assumed that the swi^chjSi^in'-'an on state by the active device 
if the image signal represents "1" while the switch be in an off state if it 
represents "0". The word line driver 32 drives VOEL. This supplies current 
to the OEL device connected to an active device whose switch is on. Although 
display opefa^ion can be tyade by always driving VOEL on all the rows, there is 

/ J*. y . . & , 

a need ot jprovidn$4 a non-operative period Tl in order for storage operation. 

psibility of causing flicker if the non-operative period 



perxoaT^Tl between the rows. The timing (is gwe^ bv^jlasting the VOEL drive 



by the word line driver 32 . 

According to the fourth embodiment as above, the devices of the active 
device section 22B and OEL luminescent section 25A are connected correspondingly 
to the memory cells of the storage circuit section 21A, so that the place value 
represented by an image signal of each memory cell is placed corresponding to 
the OEL device area connected to each memory cell. On the basis of an input 
image signal, OEL luminescence is controlled to control the luminescent area, 
thereby representing a tonal level on each dot. Accordingly, circuit 
simplification is achieved without the provision of the DAC^n a dot-by-dot 
basis. Due to this, because there is no /need Q% provid±i*<j tjie signal lines, 
such as for_£WMCLK and Set, and PWM timing signal generating circuit 6^ 4^r^ 
transiaifttiMy' such signals, space saving is achieved by simplified 
interconnections and omitted peripheral circuits. Furthermore^ as mentioned 

y"%y 

before, the use of the OEL devices in a saturation region makes/Mssible to supply 
current without substantial influence of a threshold level of the active device 
section 22B in each dot. 
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re pi ' e a endi ng in^iet^iil a drive section of a panel 



1C according to a fifth embodiment of the invention. In tho figura , those'aenoted 




with the same reference numerals as in Fig. 9 operate similarly to FigT^, hence 

explanations thereof being omitted. This embodiment l e g a V e n k=4 an^,his a column 

( 

selection switch 43B correspondingly to that. Meanwhile ,^an active matrix LCD 

section 2C is provided iri~"i*i.ace of the active matrix OELD section 2B. 

representing an equivalent circuit configured in 

each dot of thV-*rc^ive-matrix LCD section 2C. In Fig./12, 2*€-ie- actiye-matrix 

^ ort/^J V _ 

device sections ipr^v^deji^in the number of memory cells (four in Fig. 12). The 

active device is configured, for example, with two N-channel TFJs^>r the like. 

One active device 22Ca has a gate to be inputted by an output of the memory celT^ 

while the other active device 22Cb has a gate to be inputted by an inverted output 

of the memory cell. The memory cell (storage circuit 21) is configured by a 

static memory ceHTTts represented by one or a plurality of latch circuits, 

similarly to the above embodiments. The storage data of the memory circuit 21 

is supplied to the gate of the active device 22Ca^*frJiile the inversion data to 

the storage data of the memory circuit 21 is supplied to the gate of the active 

device 22Cb. ^ 

Meanwhile, ia L^ sect ions ^provided ijijt^^number of the memory cells 

(four in Fig. 12) . These LC^sections 24A are respectively interposed between 

counter electrodes and active device sections 22C, and connected to a drain 

(source) side of the active devices 22Ca and 22Cb. 

The source (or drain) side of the active device 22Ca to be supplied by 

an output of the memory cell is connected to a signal line of an 

alternating-current signal VLCON inverting at a predetermined time inter na 

while the source (or drain) side of the active device 22Cb to be supplied by 
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an inverted output of the memory cell is connected to a signal line of a 
direct-current signal VLCOFF having a potential VCOM of the counter electrode. 

The alternating-current signal VLCON, as shown in Fig. 13, is a signal 
inverting at a predetermined time interval with reference to the counter 
electrode potential VCOM as a reference, and is an alternating-current voltage 
capable of turning on the LC section 24A. Meanwhile, the direct-current signal 
VLCOFF is a direct-current voltage capable of turning off the LC section 24A. 
Tl^fe&^^lternating-current signal VLCON and direct-current VLOFF are generated 
in the word line driver 32 . 

The\ pixel electrodes, not shown, of the LC section 24A have areas 
JdLf ferejvc from one another. ( ^rnuidaH for ex ample that - pi Fig. 12^ tiie pixel 
electrode of an LC section 24A has an^aTea-of^i~S27^3^r^§T^nthe order from 
the right, the area ratio is given SI : S2 : S3 : S4 = 1 : 2 : 4 : 8. 

The present embodiment has ^^combination of a plurality of LC sections 
24A having pixel elec^ro^ie^ in area to apply the same voltage to between 

the pixel electrodes and the counter electrode, thereby representing a tonal 
level on each dot caused by the difference of brightness due to the difference 
of area. Similarly to the fourth embodiment, circuit simplification is intended 
without the provision of the DAC (PWM waveform forming circuit 23) on each dot 
as was provided in the first embodiment. Also, space saving is achieved by 
simplified interconnection and omitted peripheral circuits without the 
provision of PLMCLK and Set signal lines and a PWM timing signal generating 
circuit 62 for transmitting such signals. 

Next, the operation of this embodiment will be explained based on Fig. 
12. As for storage operation, operation is made similarly to the explanation 
in the first embodiment. Using display non-operative period Tl, image signals 
representing a value 2 k ' 1 (k = 1 - 4) are respectively inputted to, d3, d2, dl 
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and dO. 

Next, the operation of display will be explained. On the basis of the 
image signals stored on the memory cells of the storage circuit section 21, 
switching operation is made in each active device of the active device section 
22C. It is herein assumed that the active device 22^aTO^n>a switched-on state^ 
and the active device 2^g£^h^^ a switched-of f state if the image signal 
represents "J.— whil«=» the active device 22Ca is in an off state and the active 
device 22CD^e^in^n on state if it represents M 0". The word line driver 32 
outputs an alternating-current signal VLCON inverting with a predetermined 
period and a direct-current signal VLCON having a counter electrode potential 
VCOM. Due to this, where the image signal is "1", the active device 22Ca is 
switched on and the active device 22Cb is switched o^^iereby applying an 
alternating-current signal VLCON to the pixel electrodes of the LC sections 24A. 

Conversely, where the image signal is "0", the active device 22Ca is 
switched offhand the active device 22Cb is switched ojar-fehereby applying a 
direct-current signal VLOFF, i.e. counter electrode potential VCOM, to the LC 
sections 24A. 

In this case, because the areas of the pixel electrodes are set to have 
an area ratio of 1 : 2 : 4 : 8T~©yen where the same potential is applied, brightness 

tonal 



is giv^n dif f erent^or sach of the LS sections 24^~E)ius effecting 



^rjepr^sjBn-tatjLon . 

According to the fifth embodiment as above, the active device section 
22C and LC sections^ 24A fferenx in pixel-electrode area are connected 
correspondingly to the memory cells of the memory circuit section^l-^o that 
the brightness on the LC sections 24A is controlled on the basis of the input 
image si^ai--^hereby representing a tonal level on each dot. Accordingly, 
circuit simplification is achieved without the provision of the DAC on a 
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dot-by-dot basis, thus achieving space saving similarly to the fourth 
embodiment . 

Meanwhile, in this case, because the counter electrode potential VCOM 
is applied as a direct-current signal VXCOFF, circuit simplification is achieved 
without newly providing a power source for the direct-current signal VXCOFF. 

Also, in the fifth embodiment, the signal lines VDD, VSS, VLCON and VTjCO^I 
.e shared between two rows, thus achieving layout simplif icatior 
ease in the number of interconnections, space saving, dot-array pattern area 
increase (opening ratio increase) and so on. 



Embodiment 6 

Fig. 14/is ja showing an equivalent circuit conf igureck in each 

dot in a sixth embodiment of the invention. In Fig. 14, t horie^ denojbertiwith the 
same reference numerals as in Fig. 7 operate _similarly to Fig. 7, hence rt a 







explanation thereof/bei^g^jerfaitted. /2-lB — is ^sHorage circuit section/ The 
difference from the storage circuit section 21 explained in the first embodiment 
lies in that the image signal stored is to be read out. Accordingly, the image 
signal is not only stored for displa^but can be used for such an application 

a? 

of exchanging display data with the CPU 11 OA, for example. 

It is needless to say that the timing of reading display data out of the 
storage circuit section 2 IB cannot be simultaneous with Write (storage) and Read 
(reading out of display data) of display data. Because the data lines are 
commonly used for Write and Read (same route in reading and storage) from the 
structural relationship, Read is not allowed even during Write to another pixel. 
From the above, when Write is not being elejfe to a certaij^pixel, Read is possible. 
Moreover, because synchronization with display timing is not especially made, 
reading out may be made during a display-operation period even within a range 
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having no effect upon display. 

According to the sixth embodiment as above, display data (image signal) 
is to be read out of the storage circuit section 2J^B->±.hus being used for other 
applications . Despite the reading rate is lower as compared to the usual memory, 
as concerned with display data^ist is possible to reduce the storage circuits 
(memories) in respect of cost, occupation area and the like. 

Incidentally, although in the sixth embodiment explanation was made on 
the case that display data is to be read out of the storage circuit section 2 IB 
in the second embodiment shown in Fig. 7, application is possible to the storage 
circuit section 21 in the fifth embodiment shown in Fig. 12. In this case, the 
storage circuit section 21 may be configured such that the image signal stored 
can be read out similarly to the sixth embodiment. This makes it possible to 
obtain the operation and effect equivalent to the sixth embodiment. 



Embodiment 7 

Although the above embodiment haM/one pixel to be selected in one time 
.the column decoder 41, the invention is not limited to this. Pixels in 
ality are configured to provide each set, and the column decoder 41 is 
provided to select the data lines on a set-by-set basis. Furthermore, the number 
of display data to be inputted to the input control circuit 42 is matched to 
them (for twice, kx2x3 image signals^Nt hereby enabling input-control the display 
data for the set at one time. With such a configuration, the display-data in 




plurality can be dealt with at one time. Despite interconnections ace increased, 
the clock frequency required for storage can be lowered than that in the case 
of storage on a pixel-by-pixel basis. Thus, power consumption can be reduced. 




X uu i ui Uiy in 
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As described above, in order to controLon-screen display, this display 

^ ^ , Jy^ eS y 

device has, in each dot, a storage section fOT stori^ a^sdgnal and a display 
control section Jot controlling on-screen display^ the basis of the signal 



stored by th^e^st^rj^ng^ecreion . JThese^are integpated on a semiconductor or 
insulating substrate, i.e. within>Mwsfe--d6^array pattern. Accordingly, it is 
possible to decrease the circuits to be configured in an area other than the 
display region and to achieve space saving ♦ 

Also, this display device has, in eaph-dot, "a storing section configured 
by one or a plurality of storing circuits f^r^^oa^ ; r(g / ^mage signals as digital 
data signals, a converting section t&z cbrrvertltng a value based on the~"image 
signals into an analog signal, ancTferdisplay'<5ontrol section fwr performing 



tojaal 



control using a liquid crystal on the basis of the analog signal/ These /arc 
integrated on a semiconductor or insulating substrate, i.e. within each dot array 
pattern. Accordingly, the integration matched to a display region eliminates 
the necessity of laying out them outside the display region, tjitt^achieving_ space 
saving. This invention is effective particularly for" tk^j^f lective liquid 
crystal display device in view of the problem with transmissivity . Also, because 
the storing section is provided in each dot to store all the signals required 



foj—on-screen display, signal exchange can be decreased. This^ei ehievoo th 
reduc tion or- consumption 




Also, iiT this display device, the storing circuit is configured by a 



static circuit, thereby achieving image-signal holding,. over a long term^a* 
compared to a dynamic circuit. Accordingly, despit'e^the /number of 
increases, there is no n ^ MsjX-y^ul_oha |T in the portions diso ^ajf^ 



^ 5 noL LO be uham yed^ This decreases exchange of image signals, thus achieving 



power reduction . 

Also, in this display device, because the converting section performs 
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pulse width modulation in converting a value based on the image signals into 
an analog signal, the image signal can be efficiently converted into an analog 
signal • 

Also, in this display device, because the converting section performs 
pulse width modulation based on a y-characteristic in converting a value based 
on the image signals into an analog signal, the relationship between a value 
based on the image signals and a brightness can be linearly expressed* 

Also, in this display device, the converting section performs conversion 
into the analog signal with a predetermined period. Accordingly, where display 
control is made, for example, by a liquid crystal, it is convenient for cases 
requiring refresh at a constant time interval. -JL>*r- » 

Also, in this display device ✓-j> £ o vidtfU l^) a duration^hat^no^conversion 
into an analog signal is made in a duration of the constant period. Accordingly, 
in this duration, it is possible to change the image signals to the storing 
section. Thus stabilization of display is achieved* 

Also, in this display device, a start time of the constant period is 
different between converting sections, and the duration /no cj>itversion into an 
analog^gnal is made is made different. Non-operative duration can be made 
f different and flicker can be suppressed. 

Also, in this display device, because an alternating current drive 
voltage is applied, lifetime can be increased even where performing display using 
a liquid crystal. 

Also, in this display device, a voltage driven at VCOM±Va with respect 
to a reference voltage VCOM is provided as an alternating current drive voltage, 
power consumption can be suppressed. Moreover, because the reference voltage 
is constant on any of the rows, scanning is possible. 

Also, in this display device, because a voltage 
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alternating-current-inversion-driven by two voltage-applying lines laid 
correspondingly to the dot array pattern is provided as an alternating current 
drive voltage, the configuration of the circuit to be driven can be simplified. 

Also, in this display device, because an alternating current drive 
voltage opposite in phase on the rows in pair is applied, flicker can be 
suppressed. Also, on the rows in pair, the lines to be applied by the voltage 
can be shared. 

Also, in this display device, current-driven luminescent devices are 
connected to the display control secticjr-so that the emitted light thereof is 
controlled on the basis of the analog signal thereby achieving tonal control. 
Accordingly, space saving is possible. Moreover, power reduction can be achieved 
by the use of the current-driven luminescent devices. In addition, ttf 
the current-driven luminescent device in a saturated region maJ 
display without substantial influence of variation of operational condition 
possessed by the display control section. 

Also, in this display device, one or a plurality of storing circuits, 
active devices and current-driven luminescent devices are corresponding! 
connected, wherein each current-driven luminescent device/ is "yi v^n m 
corresponding to place values represented by the image signals connected, 
enabling tonal display due to the area. Accordingly, tonal control directly 
using the image signals is possible without providing such a circuit as the 
converting section. Furthermore, the use of the current-driven luminescent 
device in a saturation region makes possible display without suffering 
substantial influence of variation in operational condition possessed by the 
display control section. 

Also, in this display device, because display is madg^by the^BI^de vices , 

. 

display is possible with high definition, reduced thicKness and increased area, 
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increased capacity or the like. Also, because there is no necessity of using 
backlight as in the transmissive LCD, consumption power reduction can be 
achieved . 

Also, in this display device, because display is made by organic EI* 
devices, material is inexpensive' knd further electro-optical conversion 
efficiency is higtTNthereby achieving further power reduction besides the 
capability of displaying wit^i high definition as by the EL devices . Also, because 

usil^g^backlightsas in the transmissive LCD, power consumption 
reduction can be achieved. 



there is no need 



Also, in this display device, one or a plurality of storing circuit, 
active devices and a liquid crystal are correspondingly connected, to provide 
a liquid crystal drive section fkjir driving ^e^fch liquid crystal with an area 
corresponding to a value of ka place^r-efJresented by the image signal connected, 
thereby enabling tonal display due to the area. Tonal control directly using 
image signals can be made without providing such a circuit as the converting 
section. 

Also, in this display device, because the image signals storecj in the 
storing circuits can be read out, the display device can opey4te^as>^^orin^n M3^fi is . 
Consequently, the storifig tones' canjj^saved. 

Also, in this display device, integrated on a semiconductor or insulating 
substrate are a display drive section having a storing section and a display 
control section in each dot array pattern, a word line driver section 



control 




transmission of a word signal, a row decoder section 




ction selecti^flq^data 



a write signal to a selected row, a column decoder 

lines and a column selection switch section fg£ tran^mattijpg^>ne image signal 
by switching operation. Accordingly, besides the display portion, the portions 
including peripheral circuits are all integrally formed without using a chip 
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or the like. Moreover, because the storing section is provided within each dot 

i - - *iiY_i^g>out outside the display region, 

thereby further achieving extreme space saving. 

Also, in this display deviceT^because in the display drive section the 
converting section fer converting £ne image signals into an analog signal is 
provided within tLe^doJ^^rj^a^pattern, further space saving can be achieved. 
Also, in this display device, because the word lines are shared by the 
display control section on two rows to transmit a word signal (supply power), 
interconnection can be reducecTtJiereby achieving layout simplification, space 
saving, opening ratio increase and so on. 

Also, in this display device, the word line driver section and the row 
decoder section are allocated corresponding to a length of the display drive 
section in a row directiorr"a>nd the column decoder section and the column selection 
switch section are allocated corresponding to a length of the display drive 
section in a column direction. Accordingly, the layout other than the display 
region can be reduced in size as small as possible, thus achieving space saving. 

Also, in this display device, because each column selection switch is 




Also, in this display device, because the row decoder section selects 
a row for transmitting a write signal on the basis of an address signal, selection 
with high freedom can be made in selecting a row to be changed. 

Also, in this display device, selection with high freedom cat 
by selecting data lines on the basis of the address signal by the column decoder 
section. 

Also, in this display device, because the column decoder section selects 
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the data linei p&r stor^ilcr^ne image signal in an amount of one pixel, inputting 
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is possible on a one-pixel-unit basis as a reference of display change. 

Also, in this display device, where performing color display, image 
signals are inputted on a plurality-of-pixels basis and the column decoder 
section selects data lines in an amount of a plurality of pixels on the basis 
of that input. Accordingly, despite the interconnections are complicated, the 
clock frequency used for storage can be lower ecT^hereby achieving consumption 
power reduction. Also, even if the active devices inferior in characteristic 
to single-crystal TFTs are operated as the display control section, sufficient 
operation is obtained. 

Furthermore, in this display device, because the peripheral circuits 
require^ f«£ iontro^il^gy display are all systematically integrally formed on 
the same substrate, the J systemr ^ ntirot y) can be. reduced cost-, iTnprtJveTliin 
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reliability and aavod ip space . / a / JL^^*"" 
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